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Purpose:  The  purpose  of  this  study  is  to  investigate  the  relationship  between  oral  candidal  carriage  in
able-bodied  persons  (dental  students  and  staff)  and  health  condition  using  a epidemiological  method
with  questionnaire,  and  use  the  results  for  an  educational  campaign  for the  promotion  of health.
Methods: The  candidal  carriage  was  examined  by culture  method  using  swabs  from  tongue  surfaces.  The
identiﬁcation  of  Candida  spp.  of  the  culture  positive  specimens  was  performed  by  a  multiplex  polymerase
chain  reaction  method.  Questionnaire  items  included  age,  gender,  body  mass  index,  pedometer  use,  oral
conditions,  regularity  of hospital  visits,  medication,  dental  visits,  oral  care,  exercise  habits,  alcohol  habits,
and  smoking  habits.
Results: A  total 482  participants  were  surveyed  over  a  period  of  two  years,  males:  269 (mean,  36  years);
females:  213  (33 years).  Oral  candidal  carriage  was  18.3%.  Candida  albicans  accounted  for  80.7%  of  isolated
Candida  spp.  After  analysis  using  a stepwise  method,  three  items  (age,  smoking  habits,  and  exercise
habits)  were  selected  as  the  variables  in  the  model.  The  adjusted  odds  ratios  (95%  conﬁdence  intervals)
for  the  three  model  variables  were  1.84  (1.10–3.08)  for  exercise  habits,  1.93  (1.00–3.69)  for smoking,  and
0.96  (0.94–0.98)  for  age.  Logistic  regression  analysis  suggested  an  association  between  candidal  carriage,
exercise  habits,  and  smoking.
Conclusions: Because  lack of  exercise,  as  well  as  smoking  are  well-known  to  be  detrimental  factors  to  the
maintenance  of  good  health,  candidal  carriers  do  not  appear  to  be  in  a condition  of  good  health.  In other
may  b
 Japanwords,  candidal  carriage  
© 2013
. Introduction
The fungus Candida, which exists as a benign member of the
ormal mucosal ﬂora, commonly causes a mucosal disease with
ubstantial morbidity, and in vulnerable patients may  cause life-
hreatening bloodstream infections as an opportunistic pathogen
1–3]. The pathogenicity of Candida albicans is the strongest among
he Candida genus members [4]. A striking biological feature of this
pecies is its ability to grow in yeast, pseudo-hyphal, and hyphal
orms. The hyphal form has an important role in causing disease by
nvading epithelial cells and causing tissue damage [5]. In addi-
ion, the bioﬁlm formation ability of C. albicans is known to be
eeply involved in its pathogenicity. The production of quormones
quorum-sensing molecules) by C. albicans, such as farnesol [6] and
yrosol [7], is actively studied to control the initial colonization of
. albicans in the oral cavity [8]. The isolation rates of Candida spp.
n the oral cavity vary widely from 25 to 75%, depending on the
∗ Corresponding author. Tel.: +81 25 267 1688; fax: +81 25 267 1688.
E-mail  address: nakaken@ngt.ndu.ac.jp (K. Nakamura).
348-8643/$ – see front matter ©  2013 Japanese Stomatological Society. Published by Els
ttp://dx.doi.org/10.1016/S1348-8643(13)00029-3e  a health  warning.
ese Stomatological Society. Published by Elsevier Ltd. All rights reserved.
population sampled and the sensitivity of the sampling method
[3,9–12]. Although Candida spp. are detected in relatively high rates
in the oral cavity, it is considered to be rare for a healthy person to
develop candidiasis [2]. However, once abnormal fungal growth has
begun, it will become pathogenic. For example, when taking certain
medications, especially antibiotics, fungus in the oral cavity is likely
to grow in immune-compromised patients [3]. It is known that
the occurrence of oral candidiasis in a human immunodeﬁciency
virus infected patients is an indicator of the subsequent progress
of full-blown acquired immune deﬁciency syndrome [13,14]. In
this context, it should be noted that oral candidiasis is generally
regarded as a sign of impaired local or systemic defense mecha-
nisms [15]. However, little is known about the relationship between
health and oral candidal carriage in healthy individuals.
Because Candida spp. are thought to have a commensal rela-
tionship with normal bacterial ﬂora, it appears that there has been
a tendency to discount them as simple commensals, taking it for
granted their frequent presence in the oral cavities of healthy per-
sons. Accordingly, few attempts have heretofore been made to
investigate the relationship between candidal carriage and health
conditions in healthy subjects.
evier Ltd. All rights reserved.
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Fig. 1. Direct multiplex polymerase chain reaction of Candida 7 type strains for screening in 2% agarose. Lane M, marker (2-Log Ladder); lane 1, template minus (negative
control); lane 2, C. albicans (IFM 40009); lane 3, C. dubliniensis (IFM 54665); lane 4, C. famata (IFM 55255); lane5, C. glabrata (IFM 54350); lane 6, C. guillermondii (IFM 54665);
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Pane 7, C. kefyr (IFM 46842); lane 8, C. krusei (IFM 5462); lane 9, C. lusitaniae (IFM
. tropicalis (IFM 46821); lane 13, C. utilis (IFM 40099), and lane 14, Saccharomyce
esearch Center for Pathogenic Fungi and Microbial Toxicoses, Chiba University, Ch
In this work, we planned a study to investigate the relation-
hip between oral candidal carriage and the health conditions of
ndividuals using epidemiological methods, based on the suspicion
hat the existence of minor host defense system failures, which
re undetectable by existing diagnostic and/or laboratory examina-
ions, might be progressing in candidal carriers. In other words, it
ay  be possible to guess the health condition of a subject by testing
he existence or nonexistence of candidal carriage in an outpatient
linic. Based on these results, we believe that we may  contribute to
ealth promotion.
.  Materials and methods
.1.  Subjects
Healthy volunteers among the students and staff at The Nip-
on Dental University Niigata (NDUN) participated in this study
or 2 consecutive years. Although these volunteers were selected
ccording to the deﬁnition of health by the World Health Organiza-
ion, patients with well-controlled conditions, such as those with
ild hypertension who lived without hindrance, were counted as
ealthy persons.
Included students were selected 2nd grade students in their
rst year, and selected 3rd grade students in their 2nd years. With
egard to the student group, the current candida carriage ratio was
ompared with that from our previous study, undertaken 15 years
reviously [11]..2.  Specimen collection/fungal culture
Specimen collection and culture were carried out according to
ur previous study [11].
able 1
rimers used in multiplex PCR for identifying Candida species.
Identiﬁcation of Candida spp. Sequence G
Candida albicans albF  GCTCGCATATACCTGTCATTG S
albR CGAGCTTGCCATTTGAATG
C. dubliniensis dubF  GGCTCATCTATTTTAGCTAC H
dubR CCTGGAGCCGATTCTGTAGT
C. glabrata glaF  ATGTCCACTGAAAACACTTCTTTG E
glaR CTGGTCTTTCAGCCAAATGC
C. guilliermondii guiF  GATCCACAGGAACATTATCGATG X
guiR CATGACTAAAATGGACCAC
C. krusei kruF  ACCTTGATCCAGTTGCTTAC A
kruR CTCGTGGTAGTCCTGGTTC
C. parapsilosis parF  GCTGTTGGATTGTGTCATTCTG rC
parR GGCAATTCCTTCAATTTGGCAC
C. tropicalis troF  GGACGGGGGTATGTTTCAATTAAATC A
troR CCGATTACAGATAAGTAATTTCC8); lane 10, C. parapsilosis (IFM 5804); lane 11, C. pelliculosa (IFM 5459); lane 12,
visiae (IFM 48491). These type strains were provided by Culture Collection of the
pan. Each Candida species was  identiﬁed by one clear, speciﬁc band.
Brieﬂy, specimens on the tongue were collected by using a cot-
ton swab, and then cultured for 48 h in Sabouraud agar plates
containing antibiotics (Eiken Kagaku Co., Ltd., Tokyo, Japan). The
tongue was  selected as the location for sampling, because that is
the location where Candida spp. are most often found, particularly
in the posterior dorsum area in the circumvallate papillae. After
collecting the living colonies grown on agar, a colony suspension
was prepared to provide DNA template for multiplex polymerase
chain (PCR) reaction. Therefore, we identiﬁed the Candida cells in
the oral cavity which possessed the ability to grow on Sabouraud
agar plates. If necessary, CHROMagar Candida (Kanto Chemical Co.,
Inc., Tokyo, Japan) was  secondarily used to isolate Candida spp.
2.3.  Identiﬁcation of Candida spp.
The resulting Candida species were identiﬁed via multiplex PCR.
2.3.1. Primer design
We  designed the primer set for multiplex PCR to enable the
discrimination of 7 speciﬁc species (C. albicans, C. dubliniensis,
C. glabrata, C. guilliermondii, C. krusei, C. parapsilosis, and C. tropicalis)
from 5 other Candida spp. (Candida famata, C. kefyr, C. lusitaniae,
C. pelliculosa, and C. utilis) (Fig. 1) and Saccharomyces cerevisiae,
based on the nucleotide sequences of each strain, registered in Gen-
Bank (Table 1). The sequence of each band ampliﬁed by multiplex
PCR, using the above primer set completely corresponded to the
speciﬁc sequence for each species registered in GenBank. The valid-
ity of multiplex PCR was  checked by the local alignment of speciﬁc
band against the corresponding gene sequence.2.4. Direct multiplex PCR method
Fresh cells from Candida colonies were suspended in 50 l of
25 mM NaOH. After freezing and thawing, the suspension was
ene name GenBank no. Ampliﬁed size (bp)
AP5 AF043548 615
WP1 AJ632273 416
RG11 L40389 1006
YL1  DQ297454 512
BC1 DQ903906 1298
R  DQ295067 833
CT1 AJ237918 327
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Table 2
Summary of volunteers participated in this study.
Number of
participants (n)
Age (years ± SD) Oral candidal
carriage (%)
Male 269 35.9 ± 14.0 48  (17.8)
Female 213 33.0 ± 11.2 40 (18.8)
Total 482 34.6 ± 12.9 88 (18.3)
T
P
A2 T.  Majima et al. / Oral Scien
entrifuged at 10,000 rpm for 2 min, followed by heat treatment
or 10 min  at 70 ◦C. One l of the supernatant was used as tem-
late DNA. Seven l of a mixture of 7 pairs of primers (10 M
ach, Table 1), 10 l of Master Mix  (GoTaq Green Master Mix, 2×;
romega KK, Tokyo, Japan), and 2 l of distilled water were mixed
o yield the multiplex PCR reaction solution at a gross quantity of
0 l. PCR was performed by initial denaturation at 94 ◦C for 4 min,
ollowed by 40 cycles at 94 ◦C for 30 s, 54 ◦C for 30 s, and 72 ◦C for
 min, and a ﬁnal extension at 72 ◦C for 7 min. Typical results of
ultiplex PCR using the above primer set are shown in Fig. 1. One
peciﬁc band was observed for each of the 7 strains. The speciﬁcity
f the primer set was conﬁrmed by comparison with other standard
trains, including negative control strains.
.5. Questionnaire survey
Questionnaire  items included age, gender, body mass index
BMI) [16], pedometer use, oral condition, hospital visits, med-
cation, dental visits (once/year or more), and oral care (tooth
rushing: times per day, brushing methods), exercise habits, alco-
ol habits, and smoking. The questionnaire was partially carried out
ia selection from prepared answers [gender, pedometer use/(or
ot), good oral condition/(or bad], alcohol habit (yes or no), smok-
ng (only yes or no, regardless of smoking history), hospital visit
frequency) medication (yes or no), dental visit (frequency), and
artially carried out via writing (BMI, oral care, exercise habits).
peciﬁc methods such as the Fortone, Stillmas, and Bass methods,
hich are known as widely accepted as reliable methods for the
emoval of food particles between teeth [17], were also adopted in
his study as reliable methods. We  judged the quality of exercise
abits, by asking whether the participant had performed exer-
ises according to the recommended guidelines of the Society of
apanese Physical Fitness and Sports Medicine. For example, we
sked whether or not the number of steps/day exceeded 7000, and
hether or not the exercise was undertaken at a sports club. Details
egarding medications and hospital visits could not be surveyed in
his study, due to juridical constraint, according to the Personal
nformation Protection Law (Japan).
.6. Analysis
We  set standards for each item in order to investigate the
ackground factors underlying oral candidal carriage by statisti-
al analysis. Criteria to judge non-appropriate health conditions
ere deﬁned as follows: BMI  < 18.4 or >25.1, regular hospital visits,
egular medication (prescription by a clinical doctor), pedome-
er non-use, poor oral condition (having diseases such as dental
aries and periodontal diseases), alcohol habit, smoking habit, no
ngoing physical training, dental visit less than once a year, and
mproper tooth-brush execution. After calculating the percentage
f the oral candidal carriage in the population of non-appropriate
ealth conditions (non-appropriate population), candidal carriage
n appropriate/non-appropriate were analyzed by the two-way lay-
ut ANOVA method (Fisher test).
A logistic regression analysis was performed with oral candidal
arriage set as the independent variable, and each of the items set
s a dependent variable. First, the ratio of candidal carriage among
able 3
revalence of Candida in the oral cavity of healthy volunteers.
Candidal carriage by age
Age 20s 30s 40s 
Positive no./total 53/234 18/102 6/53 
%  22.6 17.6 11.3 
U: age undescribed; Age dependency: p < 0.01 (Cochran Armitage test).No signiﬁcant difference was  observed in the oral candidal carriage between gen-
ders.
the non-appropriate population was  examined for each item. The
background factors underlying oral candidal carriage were then
examined by multiple logistic regression.
2.7. Statistics
Fisher’s exact test and the Cochran Armitage test were per-
formed, adopting a signiﬁcance level of 5% (p-value < 0.05) [18].
A logistic regression analysis was performed to assess the asso-
ciation between the presence of Candida spp. and other items using
statistical software (Ekuseru-Toukei 2010; SSRI Co., Ltd., Tokyo,
Japan). The relationship between the background factors (age, gen-
der, BMI, pedometer use, oral condition, hospital visit, medication,
dental visits, oral care, exercise habits, alcohol habits, and smoking)
and candidal carriage of the target population was  analyzed by a
multiple logistic regression model. A stepwise method was used
for variable selection.
2.8.  Ethics
The survey was conducted in accordance with the provisions
of the Ethics Committee of NDUN, and was undertaken with the
participants’ consent.
3.  Results
Among a total of 494 entries, 482 were analyzed after the dele-
tion of entries who  had not answered the questionnaire and/or
who had not accepted fungus test administration. The data incorpo-
rated in this study were obtained from 482 healthy volunteers aged
from 20 to 60 years (including 263 in the 2011-survey, and 219 in
the 2012-survey). Participants consisted of 269 healthy males aged
35.9 ± 14.0 years and 213 healthy females aged 33.0 ± 11.2 years.
Number and age of volunteers are shown in Table 2.
3.1.  Detection of Candida spp.
Candida spp. were detected via culture (containing antibiotics)
of samples obtained from each subject’s tongue. The prevalence of
Candida spp. in the oral cavities of the subjects was 18.3% (Table 3).
The test result for the ﬁrst survey was  19%, while that for the second
was similar, at 17.4% (details not shown). No signiﬁcant differences
in gender were observed in oral candidal carriage (male, 17.8%;
female 18.8%; Table 2). Carriage of Candida spp. was observed to
decrease with age (Table 3) (p < 0.01; Cochran Armitage test).
50s 60s AU Total
7/56 1/32 3/5 88/482
12.5 3.1 60 18.3
T. Majima et al. / Oral Science International 11 (2014) 30– 34 33
Table  4
Number of participants positive for oral Candida species identiﬁed by multiple PCR.
Species Positive participants (n) Positive % (n/total 482 participants) Species distribution (n/total 88
positive participants)
Candida albicans 71 14.73 80.7
C  dublinensis 5 1.04 5.7
C  guilliermondii 6 1.25 6.8
C  parapsilosis 3 0.63 3.4
0.63 
8.3 
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Total  88 1
.2. Identiﬁcation of Candida spp.
In the PCR results for culture positive specimens, C. albicans
ccounted for approximately 80% of the species (Table 4). The ratio
f C. albicans in positive colonies in the ﬁrst survey was 82%, while
hat in the second survey was similar, at 79% (details not shown).
n addition, the proportion of Candida species other than C. albicans
as similar for the two surveys.
.3. Analysis
To  investigate the background factors underlying oral candidal
arriage, we employed the set of standards described in Section 2
or each item. First, we examined the candidal carriage ratio among
on-appropriate population for each item. The resulting oral can-
idal carriage percentage in the non-appropriate population for
ach item was as follows: BMI, 18%; hospital visit, 20%; medication,
1%; pedometer, 19%; oral condition care, 23%; alcohol habit, 19%;
moking habit, 31%; exercise habits, 28%; dental visits, 22%; and
ooth brush, 19%. When the difference between oral candidal car-
iage in non- and appropriate population was examined via Fisher’s
xact test, signiﬁcant differences were obtained for two  items
smoking habit, non-exercise habit) (p < 0.05; Table 5). The involve-
ent of age in candidal carriers with smoking habits was not
bserved (data not shown).
A logistic regression analysis was then performed, with oral can-
idal carriage set as the independent variable, and each of the items
et as a dependent variable.
When variable selection was performed by the stepwise method
cut off value, 0.05), age, exercise habits, and smoking were chosen
s the model variables. The adjusted odds ratio (95% CI) for exercise
abits was 1.84 (1.10–3.08), that for smoking was  1.93 (1.00–3.69),
nd that for age was 0.96 (0.94–0.98), respectively (Table 6). These
able 5
ifference in candidal carriage in appropriate and non-appropriate population for
tems.
Smoking Non-smoking Non-exercise
habits
Exercise
habits
Candidal carrier 18 70 59 29
Non-carrier 41 353 211 183
Ratio of carrier (%) 30.5 19.8 27.9 15.8
p* 0.018 0.043
Fisher test.
able 6
ssociation between the presence of oral Candida sp and the items after sorting –
ogistic analysis: Adjusted odds ratio and 95% CI.
Item Odds ratio 95% CI
Lower Upper
Age 0.96 0.94 0.98
Smoking habits 1.93 1.00 3.69
Exercise habits 1.84 1.10 3.083.4
100.0
results presented here strongly suggest that exercise habits and
smoking habits are associated with oral candidal carriage.
4.  Discussion
The aim of this study was  to investigate the carriage rate of oral
Candida spp. in healthy volunteers (dental students and staff) and
to investigate the background factors underlying carriage. The car-
riage of Candida spp. in the oral cavities of participants was 18.3%.
Notably, the percentage of oral candidal carriage obtained for stu-
dents in their 20 s was 22.6%, which was  similar to that obtained
in our previous survey undertaken 15 years earlier, which indi-
cated a student carriage percentage of 30%. In fungi identiﬁcation,
80.7% of culture positive specimens were identiﬁed as C. albicans
in this study. While, 84–88% of them were C. albicans in a previous
study using RYID Panel, which consisted of 27 substrates for testing
the presence of produced enzymes [11]. However, as C. dubliniensis
was not known in those days, the possibility of misidentifying
C. albicans for C. dubliniensis cannot be ruled out. Therefore, the
rate of C. albicans carriage in the previous study might be slightly
higher.
Although oral candidal carriage showed a tendency to decrease
with age, this is thought to be due to a decrease in elderly persons:
40’s (11.3%), 50’s (12.5%), and 60’s (3.1%). An increased prevalence
of Candida sp. in the oral cavities of adults and very young popula-
tion has been reported [3,13]. The increase in the neonatal period
is probably due to the increased vulnerability that accompanies an
immature immune system and an underdeveloped oral microﬂora
[19]. Lockhart et al. reported that the frequency, intensity, and
multispecies carriage of Candida increased with age (groups:
60–69 years, 70–79 years, and more than 80 years), possibly due
to a weakening of the natural suppression of yeast carriage in the
oral cavity in the elderly, which is in contrast to results obtained
in this study [20,21]. Moreover, they showed that the intensity of
candidal carriage (colony formation units; CFU) increased in an age-
dependent manner and/or with denture usage (changes associated
with decreasing oral condition). Because the low intensity candida
carriage group (1–14 CFU) in their study seems to account for a rel-
atively minor percentage of aging subjects, this discrepancy may
be due to the distinctive characteristics of the subject group in this
study, which comprised dental students and staff, who generally
exhibit a greater level of concern regarding their oral health relative
to the general public, as noted in the following discussion.
The prevalence of oral candidal carriage in the group of experts
was lower than that of students, beyond our expectation. These
experts were primarily composed of allied health occupation pro-
fessionals with no clinical signs of xerostomia, who were concerned
about their health in general, and oral health particular, on a daily
basis. This result may  be due to good oral care in experts. The pres-
ence of smoking habits was observed with high frequency in the
younger population, particularly among students, and decreased
with age. Moreover, the exercise habits in students were poor,
compared with those of experts. We  presumed that the high fre-
quency of candidal carriage in younger participants was  the result
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f poor day-to-day health management. Therefore, it is evident that
he importance of continuing oral care has been demonstrated by
ental professionals.
Recently, a connection between BMI  and oral conditions has
een reported [22]. BMI  was classiﬁed into three categories, as fol-
ows: overweight (BMI  25.1), acceptable weight (BMI > 18.5–25),
nd underweight (BMI  18.4) [WHO, 1995]. We  attempted to ana-
yze the relationship between BMI  and oral candidal carriage using
hese 3 weight-categories, separately, although a clear relationship
etween these categories was not obtained. These results suggested
hat a BMI  deviation, either a rise or fall, may  facilitate oral candidal
arriage. However, a relationship between the carriage of Candida
pp. and exercise habits and smoking was observed in this study. It
s known that exercise habits and smoking can affect BMI  [23,24].
here is also the opinion that athletes, who participate in daily
xercise, have a tendency to consume substantial amounts of car-
ohydrates [25], which may  inﬂuence the outgrowth of Candida
pp. However, in general, carbohydrate metabolism in athletes is
nown to be enhanced during exercise. Moreover, we must con-
ider the oral cleaning effects of the water or sports drink that they
ake after exercise. Therefore, exercise habits may tip the balance
n their favor, in terms of protection from oral candidal carriage.
A  recent article reported that a lower frequency of tooth-
rushing was suggested to be associated with metabolic syndrome
26]. However, subjects with low tooth-brushing frequency were
ot encountered in this study: 21 of 482 participants indicated a
ooth-brushing frequency of 1/day, while the remainder indicated
 frequency of 2/day or more (details not shown). By contrast, it is
nteresting to examine the candidal carriage of persons who  have
eglected oral care.
.  Conclusion
We  can at least conﬁrm that exercise habits and smoking are
nvolved as background factors in oral candidal carriage. Since these
actors are already known relating ill health, the carriage of Candida
pp. in the oral cavity of an individual appears to imply that they
ay not be in a healthy condition, even if no symptoms are present.
n other words, being Candida free in the oral cavity may  be requisite
or the maintenance of good health, as oral candidiasis can never
orm without carriage. Thus, the oral carriage of Candida may  serve
s a health warning.
On  the other hand, the discovery of the fungal side factors
as not yet been undertaken, and remains an issue for future
tudy.cknowledgment
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